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The recommended breakpoints for the cefoxitin disk diffusion test for Staphylococcus aureus were recently
modified. In this large-sample study, cefoxitin sensitivity and specificity compared to those of oxacillin were
97.3% and 100%, respectively. This study validated the new cefoxitin breakpoints for the detection of mecA-
mediated resistance in S. aureus.

Staphylococcus aureus is a serious current health care con-
cern. Both community-associated methicillin-resistant S. au-
reus (MRSA) and health care-associated MRSA are growing
threats to the immunocompromised, as well as to the general
public. Accurate detection of methicillin resistance in S. aureus
is of the utmost importance to ensure effective treatment
for the affected patient and to prevent further transmission.

The mecA gene confers resistance to methicillin in S. aureus.
The gene is located on the staphylococcal chromosome cas-
sette mec and encodes penicillin binding protein 2a (PBP2a).
PBP2a is located in the bacterial cell wall and has a low binding
affinity for �-lactams (1, 2). This study evaluated the new
Clinical Laboratory Standards Institute (CLSI) breakpoints for
the cefoxitin disk test for determining mecA-mediated resis-
tance in S. aureus (4).

CLSI recommends usage of cefoxitin instead of oxacillin
when using the disk diffusion method to determine resistance
against methicillin for S. aureus (4). Cefoxitin results are easier
to interpret and are thus more sensitive for the detection of
mecA-mediated resistance than oxacillin results (5, 6, 7, 9–11).
The recommended resistance and susceptibility breakpoints
for the 30-�g cefoxitin disk test used to detect mecA-mediated
resistance in S. aureus were changed in January 2007 by CLSI
from �19 mm and �20 mm to �21 mm and �22 mm, respec-
tively. This study sampled a large number of recent S. aureus
isolates to compare the performance of the cefoxitin disk test
at the new breakpoints to that of the 1-�g oxacillin disk test.

Between August and September 2007, a total of 1,611 non-
duplicate S. aureus isolates were collected by 53 Wisconsin
clinical laboratories (up to 20 consecutive MRSA and methi-
cillin-susceptible S. aureus isolates per laboratory) and submit-
ted to the Wisconsin State Laboratory of Hygiene. Species
identification was confirmed by colony morphology, coagulase
slide test, subsequent tube test, and biochemicals. The isola-
tion sites of the S. aureus isolates collected were as follows: skin

and soft tissue (1,159 isolates; 71.9%), urine (136 isolates;
8.4%), respiratory tract (130 isolates; 8.1%), bloodstream (65
isolates; 4.0%), and other (121 isolates; 7.5%).

Susceptibility to antimicrobial agents for confirmed S. aureus
isolates was evaluated by the CLSI disk diffusion method on
Mueller-Hinton agar (3). All agar plates and antibiotic disks
were obtained from Remel (Lenexa, KS). A direct colony
suspension of each S. aureus isolate was prepared to a 0.5
McFarland standard and plated on Mueller-Hinton agar. The
zones of inhibition were measured using the Biomic V3 system
(Giles Scientific, Inc., Santa Barbara, CA) after 24 h of incu-
bation at 35°C (4). The oxacillin disk was read using transmit-
ted light as the CLSI document recommends. The ATCC
25923 S. aureus strain was included in each test sample set as
a quality control. All results were within the acceptable limits
for quality control strains according to the 2007 CLSI guide-
lines.

Figure 1 shows the scatterplot correlation of oxacillin (1 �g)
disk diameter with the cefoxitin (30 �g) disk diameter. The
correlation coefficient (R2) for the scattergram was determined
to be 0.8389. The cefoxitin disk demonstrated a sensitivity and
specificity of 97.3% and 100%, respectively, compared to the
oxacillin disk.

Discrepant results were repeated and, when necessary, re-
solved using the PBP2a latex agglutination kit (Denka Seiken
Co. Ltd., Tokyo, Japan) in accordance with the manufacturer’s
instructions. The kit contains latex particles sensitized with a
monoclonal antibody against PBP2a. Visible agglutination in-
dicates a positive result and the presence of PBP2a, the mecA
gene product. Following discrepancy analysis, the cefoxitin
disk test sensitivity increased to 99.9%. Twenty-one of the 22
isolates that tested resistant to oxacillin and susceptible to
cefoxitin were found to be negative by PBP2a latex agglutina-
tion. Absence of the PBP2a protein is indicative of non-mecA-
mediated methicillin resistance. A 1.3% (21/1,611) rate of non-
mecA-mediated resistance in S. aureus was measured in this
study population. Alternatively, these isolates could represent
false-positive resistance to the oxacillin disk test. Eighteen of
the 21 PBP2a-negative isolates tested positive for beta-lacta-
mase by nitrocefin testing. It may be possible that some of
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these isolates are hyper-beta-lactamase producers, thereby ac-
counting for non-mecA-mediated methicillin resistance.

Cefoxitin incorrectly identified only one isolate as susceptible
(zone diameter � 22 mm) that was oxacillin resistant and PBP2a
positive. An additional isolate that tested intermediate to oxacillin
and resistant to cefoxitin was found to be negative for PBP2a.
Four of the isolates testing resistant to oxacillin from this study
would have been misinterpreted as susceptible using the previous
cefoxitin susceptibility breakpoint of �20 mm.

Cefoxitin will detect only MRSA with a mecA-mediated resis-
tance mechanism (8). There is a CLSI comment in the M100-S17
document warning of this limitation of cefoxitin as a substitute for
oxacillin. However, non-mecA-mediated methicillin resistance in
S. aureus is a rare occurrence, as evidenced by this study. Even
with this limitation, cefoxitin disk diffusion zones are much easier
to read than those of oxacillin due to the frequent hazy oxacillin
zones, which are commonly misinterpreted as evidence of oxacil-
lin susceptibility. This rate of false susceptibility associated with
the oxacillin disk diffusion test has been noted to be as high as
4.4% in some studies (7; Wisconsin State Laboratory of Hygiene,
unpublished data), well above the CLSI-recommended accept-
ability limit of �1.5%. Oxacillin must also be read using trans-
mitted light, unlike most other antimicrobials, including cefoxitin,
to ensure correct interpretation.

This large-sample study validated the new CLSI breakpoints
for the 30-�g cefoxitin disk test to detect mecA-mediated re-
sistance in S. aureus. We found the cefoxitin disk diffusion test

to be a superior test and a surrogate for the oxacillin disk
diffusion test due to its ease of reading and higher sensitivity.
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